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Hormone-dependen t  synthes is  and p roces s ing  of vi r ion pro te ins  have so f a r  been obse rved  in he t e ro l -  
ogous ce l l  s y s t e m s  infected with MMTV [6, 7, 10], but morphologica l  and physiological  changes a r i s ing  in the 
s y s t e m  i tself  on account  of infection have not been noted. In a new cell model  sugges ted  by the w r i t e r s  for  the 
study of MMTV, namely  a s table  cell  line of Djungarian h a m s t e r  m a m m a r y  gland ca rc inoma  (MGC), a f te r  mu l -  
t iple  v i rus  infection not only exp re s s ion  of v i r ion  pro te ins ,  but a l so  hormone-dependent  synthes is  of antigens 
detectable  by al logeneic s e r u m  agains t  C3H mouse  thymocyte  antigen (allele 1.2) a lso  was demons t ra ted .  As a 
r e su l t  of infection, the abil i ty of cel ls  to grow in s emiso l id  med ia  is  i nc reased ,  evidence of enhancement  of 
the i r  t u m o r  phenotype.  Repor t s  have a l so  been published of the p re sence  of another  antigen, not thymus antigen 
p r o p e r ,  on m e m b r a n e s  of mouse  MGC cel ls ,  antibodies against  which are  p re sen t  in al logeneie s e r u m  of AKR 
mice  immunized  with C3H thymoeytes  [9]. The w r i t e r s  showed p rev ious ly  [5] that  this antigen is a su r f ace  
m a r k e r  of the subpopulation of mouse  MGC cel ls  (stable l ine GR) on account of which colony fo rmat ion  in s e m i -  
sol id media  i n c r e a s e s .  

In the invest igat ion desc r ibed  below data indicating the v i rus  nature  of this antigen were  obtained. 

E X P E R I M E N T A L  M E T H O D  

Stable ceil  l ines  of mouse  MGC G R / m t  and MM5, obtained f r o m  the USA under  the t e r m s  of i n t e rgove rn -  
mental  ag reemen t ,  and a lso  clonal line F2(GR), i so la ted  in the w r i t e r s '  l abo ra to ry  [1], were  used. Stable cell  
line 0-1552 of Djungarian h a m s t e r  MGC was generous ly  provided by O. I. Sokolova (Labora tory  of Cytogenet ics ,  
All-Union Oncologic Scientific Center ,  Academy of Medical Sciences  of the USSR). Cultures  we re  grown on 
medium RPMI 1640 (Flow Labo ra t o r i e s ,  England) with the addition of 10% neonatal  calf s e r u m .  Depending on 
the a ims  of the exper imen t ,  insulin (10 p g / m l )  and dexamethasone  (10 -~ M) were  added to the medium.  To de-  
t e r m i n e  abil i ty to grow in semilicluid media ,  18-20 h a f t e r  addition of the cor responding  hormones  to the medium 
the cel ls  were  seeded  on a f eede r  (0.5% agar  in med ium DMEM with 10% serum)  in 1.2% methylce l lu lose ,  made 
up in HAM F12 medium with 10% s e r u m  and with the s ame  combinat ions of ho rmones .  Antibiotics gentamycin  
and ty los in  were  added in genera l ly  accepted  amounts  to all  the cul ture media  used in the work .  Vi rus -p roduc ing  
cul ture  MM5 was grown in r o l l e r  f l asks  on RPMI  1640 medium with the addition of ho rmones .  The v i rus  was 
sed imented  daily f r o m  the c l e a r e d  cul ture  med ium by eentr i fugat ion (60,000g, 1 h) and pur i f ied  in a s tepwise  
suc ro se  gradient .  0-1552 ce l l s  were  infected in suspens ion  a f t e r  p r e l i m i n a r y  t r e a t m e n t  (30 min) with DEAE-  
dextran  (25 p g / m l ) .  The following a n t i s e r a  were  used: c o m m e r c i a l  goat ant i-gp52 s e r u m  (obtained f r o m  the 
USA); rabbi t  ant i-gp52 s e r u m  obtained by E .  A. Komarova  [3]; c o m m e r c i a l  al logeneic s e r u m  against  C3H mouse  
thymocyte  antigen, obtained by immuniza t ion  of AKR mice  (from Sear le  Diagnostic,  England), rabbi t  s e r u m  against  
Djungarian h a m s t e r  thymocytes  obtained in the w r i t e r s '  l abora to ry  by immunizat ion  of a rabbi t  with h a m s t e r  
thymocytes  fol lowed by exhaust ion with no rm a l  animal  t i s sues ;  monoclonal  antibodies against  thymus  antigen 
(Thy 1.2), obtained f r o m  West  Ge rm any  and supplied by A. V. Chervonsldi  (Labora tory  of Immunochemis t ry  

Labora to ry  of Immunology of Oncogenic V i ru se s ,  R e s e a r c h  Insti tute of Carc inogenes i s ,  All-Union On- 
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Fig. 1 Fig. 2 

Fig.  1. Express ion of env gene products  in cells infected with MMTV. a, b) Indirect  immuno-  
f luorescence on fixed O-1552 cells,  infected with MMTV (antiserum against gp52), in the p r e s -  
ence and absence of hormones;  c) immunoprecipitat ion of labeled ([14C ]-protein hydrolysate  in 
medium, 3 h) O-1552/MMTV cell proteins (anti-gp52, normal  rabbit  se rum,  and dest royed 
125I-labeled MMTV). 

Fig. 2. Indirect  immunofluorescence on fixed cells,  a) Cells of line F2; b) O-1552 cells; c, d, e) 
O-1552 cells infected with MMTV (c, e - grown on medium with hormones ,  d - without hormones);  
f) squash prepara t ion of Djtmgarian hams te r  thymus,  a, b, c, d, f) Allogeneic ant i -Thy 1.2 anti-  
se rum;  e) monoclonal antibodies against Thy 1.2 antigen. 

and Immunodiagnosis,  All-Union Oncologic ScientKic Center,  Academy of Medical Sciences of the USSR); s e r a  
against rabbit  and albino mouse globulins conjugated with F1TC, prepared  in the N. F. Gamaleya Institute of 
Epidemiology and Microbiology. To remove antibodies against  normal  hams te r  and mouse t issue antigens f rom 
the s e r a  they were exhausted on an immunosorbent  p repa red  f rom homogenate of the internal organs of these 
animals (liver, lung, mamm ary  gland) by cross- l inking  with glutaraldehyde. The fixed immunofluorescence 
tes t  was ca r r i ed  out by the method descr ibed previously [4]. The humoral  complement-dependent  cytotoxie 
tes t  was done on No. 3034 plastic plates (from Falcon P las t ics ,  USA). Cells were seeded 100 at a t ime in wells 
the day before the experiment;  af ter  removal  of the medium, ant iserum and complement (10 pI  of each) were 
added in working dilutions to the wells for  1 h. Dead cells were counted af ter  staining with t rypan blue. Radio-  
immanoprecipi tat ion of v i rus-spec i f ic  se rum proteins was ca r r i ed  out as descr ibed previously  [2]. 

E X P E R I M E N T A L  R E S U L T S  

AS a resul t  of infection of O-1552 cells with MMTV a line was obtained in which hormone-dependent  ex-  
press ion  of virus proteins took place, as was verif ied by the fixed immanofluorescence and rad io immanopre -  
cipitation tes ts .  Synthesis and process ing  of the env gene product  were demonst ra ted  by the use of anti-gp52 
se rum (Fig. 1). 

The immunofluorescence tes t  on fixed cells showed the presence  of antigenic determinants  in these cel ls ,  
revealed by allogeneic ant i-Thy 1.2 se rum.  This ant i serum reac ted  c lear ly  with the infected cells (f luores-  
cence of the cytoplasm, intensified around the nuclear  membrane,  can be seen in Fig. 1). The test  gave nega-  
tive resul ts  with uninfected cells (Fig. 2). The react ion with monoclonal antibodies also was negative. 

Express ion of these antigens was hormone-dependent  and was observed only in the presence  of insulin and 
dexamethasone (Fig. 2). The posit ive control in all these tests  was provided by F2 cells .  

In the humoral  cytotoxic test  allogeneic s e rum against thymus antigen gave a distinct cytotoxic effect (cyto- 
toxic index 0.6). Monoclonal antibodies were inactive. The effect was hormone-dependent .  If instead of anti-  
Thy 1.2 se rum,  normal  se rum f rom healthy B A L B / c  mice was used, the react ion was negative (Table 1). 
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TABLE 1. Humora l  Cytotoxic Tes t  with 
Djungar ian  H a m s t e r  MGC Cel ls  In jec ted  
with MGC Vi rus  

Conditions of cell 
growth 

Without hormones 
Insulin + dexamethasone 

Legend.  CTD 

Antibodies 

, normal 
allogeneic ~ ~ BALB/c 

~ serum 

§ 
(CTI =0,6) 

Cytotoxic index. 

I 

TABLE 2. Hormone-Dependent  Inc rea se  in 
Colony F o r m a t i o n  by O-1552 Cel ls  Infected 
with MMTV in Semiso l i d  Medium 

Conditions of cell / = o v~ 
C ells growth [ ~ . ~  v 

O- I552 Without hormones 9,1 
InsNin + dexamethasone 8,9 

O- 1552 24 MT V Withotit hormones 9,3 
Insulin + dexamethasone 40,1 

In Djungar ian  h a m s t e r  MGC cel l s  e x p r e s s i o n  of autologous thymus antigen was not obse rved  (fixed i m -  
munof luorescence  - FIF) ;  c r o s s e d  reac t ions  on fixed thymus squash p r e p a r a t i o n s  r e v e a l e d  absence of antigenic 
kinship between mouse and Djangar ian  h a m s t e r  thymus ant igens .  Ant i -Thy  1.2 s e r u m  gave a negat ive F I F  r e -  
act ion to h a m s t e r  thymus and a n t i s e r u m  agains t  Djungar ian  h a m s t e r  thymocytes  r eac t ed  nega t ive ly  to B A L B / c  

mouse thymus.  

P r ev ious ly  the w r i t e r s  demons t r a t ed  absence  of ant ibodies  aga ins t  s t r uc t u r a l  MMTV vi rus  p ro te ins  in 
an t i -Thy  1.2 s e r u m ,  and the poss ib i l i t y  of a r eac t ion  with v i r ion  antigenic de te rminan t s  can thus be ru led  out. 

�9 E x p r e s s i o n  of v i ru se s  of e i t he r  B o r  C type was not found in the O-1552 cel l  s y s t e m  [2]. S t r i c t  h o r m o n e -  
dependence of e x p r e s s i o n  of ant igens reac t ing  with a l logeneie  s e r u m  ant ibodies  ru les  out the poss ib i l i t y  of a 
role  of C- type  v i ru se s  in this phenomenon. H a m s t e r  MGC cel l s  were  infected with p r a c t i c a l l y  pure  v i rus ,  and 
ant ibodies  agains t  no rma l  t i s sue  antigens of this  an imal  were  e l imina ted  by p r e l i m i n a r y  exhaust ion of t he i r  s e r a .  

These  c i r c u m s t a n c e s ,  and a lso  the absence  of ant igenic kinship between antigens of Djungar ian  h a m s t e r  
and mouse thymocytes  a r e  evidence in suppor t  of the t r ansduc t ion  of a ce r t a in  antigen,  d i f fer ing  f rom those  
p r e s e n t  in the v i r ion ,  by the v i ru s .  

We know that  the abi l i ty  of mouse MGC ce l l s  to grow in s e m i s o l i d  media  is  enhanced by an o r d e r  of m a g -  
nitude in the p r e s e n c e  of insul in  and dexamethasone .  This effect  is a l so  obse rved  a f t e r  t r e a t m e n t  of the ce l l s  
with insul in alone (but not with dexamethasone  alone),  although it  is  weake r  [5]. 

We compared  abi l i ty  of infected and uninfeetedO-1552 ce l l s  to grow in 1.2% methy lce lh i lose  in the p r e s e n c e  
and absence  of hormones  in the medium and found that  a hormone-dependen t  i n c r e a s e  in colony fo rma t ion  was 
p r e sen t  in the infected cul ture  (on ave rage  by 4-5 t imes  in d i f ferent  s e r i e s  of the exper iment ) ,  but this  effect  
was absent  in the uninfected cul ture  (Table 2). 

In al l  these cases  enhancement  of the t umor  phenotype was due to the same  combinat ion of hormones  as 
v i rus  exp re s s ion ;  e x p e r i m e n t s  with the infected s y s t e m  showed that  whether  or  not the p r e s e n c e  of MMTV is a 
f ac to r  de te rmin ing  these  p r o c e s s e s ,  at  l e a s t  i t  is  e s s e n t i a l .  

The r e su l t s  thus ag ree  with data  in the l i t e r a t u r e  [9] on syn thes i s  of an antigen di f ferent  f rom thymus 
antigen in mouse MGC, but de tec table  by a l logeneic  an t i -Thy  1.2 s e rum;  this  may be evidence e i the r  of the 
p r e s e n c e  of a common de te rminan t  in this  ant igen with Thy 1 .2-ant igen  or  that  the a l logeneic  s e r u m  is po ly -  
valent .  However ,  the r e s u l t s  indicate  that  t r ansduc t ion  of this  antigen by v i rus  is pos s ib l e .  
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Exogenous MMTV is known to c i rcu la te  by the lymphogenous route;  express ion  of v i rus  prote in  can be 
found in the thymus of C3H mice of a ce r ta in  age [3], and i t  thus s e e m s  l ikely that  antibodies against  an un- 
known v i ra l  product  may be p resen t  in the al logeneic s e rum.  There  a r e  a lso  molecu la r -gene t i c  grounds for  
postulat ing t ransduct ion:  the d iscovery  of a sequence capable of coding a 26 kilodalton polypeptide in the t e r -  
minal  repet i t ion of the v i rus  and a lso  the p r e s e n c e  in the v i r ion  of a 14S RNA, with sequences  common with the 
v i rus ,  but coding pro te ins  having no common antigenic de te rminants  with the v i r ion  [8]. 
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The w r i t e r  showed prev ious ly  that the development  of r e s i s t ance  to act inomyein D (AD) in Djungarian 
h a m s t e r  t umor  cells cul tured in v i t ro  leads to changes in the express ion  of mal ignant  t r ans fo rma t ion  in these  
cel ls  [2]. This takes  the f o r m  of a dec rease  in the abil i ty of the cel ls  to surv ive  t ransplanta t ion  and to grow 
without anchorage to the subs t ra t e  (a dec rease  in the f requency of colonies in semiso l id  medium).  

Res is tance  to AD is connected with a change in pe rmeab i l i ty  of the p l a s m a  m e m b r a n e  for  the antibiotic 
and with the appearance  of homogeneously  s ta ined regions  (HSR) in the c h r o m o s o m e s  [8]. These HSR, as was 
shown prev ious ly  fo r  cel ls  r e s i s t an t  to colchicine and metho t rexa te  [5, 11], a re  the cytological  express ion  of 
gene amplif icat ion.  

These observa t ions  sugges ted  that  the development  of r e s i s t ance  to other chemical  subs tances  also,  r e -  
s i s tance  to which is cha r ac t e r i z ed  by dis turbance of p l a s m a  m e m b r a n e  pe rmeab i l i ty  and by gene amplif icat ion,  
would a lso  lead to changes in exp res s ion  of t umor  cell t r ans fo rma t ion .  

In the p r e sen t  invest igat ion expres s ion  of t r ans fo rma t ion  was studied in cu l tures  of t umor  cel ls  r e s i s t an t  
to the mi tos ta t ic  poison colchieine,  r e s i s t ance  to which is de te rmined  by ampli f icat ion of genes  coding, p rob-  

Labora to ry  of Genet ics  of T u m o r  Cells ,  R e s e a r c h  Inst i tute of Carc inogenes i s ,  All-Union Oncologic Scien-  
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